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The deep interior of Mars from nutation measured by InSight RISE
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RISE:	the	InSight	radio	science	experiment
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Coherent	transponder	

and	2	horn-antennas	


fixed	on	the	Mars	surface


Deep-Space-Network	antennas	
transmitting	a	highly	stable	frequency


~45	min	of	observation	per	
session	almost	daily	


Doppler	shift	accuracy:

~1.5mHz@60s	


(⬄0.027	mm/s	on	relative	velocity)

It	uses	radio-links	to	reconstruct	the	motion	of	the	lander	in	space



Nutation constrains the interior:


 and  depend on

• moments	of	inertia	of	the	fluid	core

• Tidal	and	rotational	deformation	of	

the	core


	also	depends on 
• shape	of	the	core	

𝐹 𝜎𝐹𝐶𝑁

𝜎𝐹𝐶𝑁

RISE	measures	the	nutation	of	Mars

3

𝑁𝑚 = 𝑁𝑟
𝑚(1 + 𝐹

𝜎𝑚

𝜎𝑚 − 𝜎𝐹𝐶𝑁 )

30	mHz

0.5	mHz

Full	nutation	contribution 	 (Nm) Liquid	core	contribution 	 (𝑁𝑚 − 𝑁𝑟
𝑚)



RISE	nutation	parameters	estimate

• >600	days	of	data	are	required	to	obtain	robust	estimates	for	the	core	
amplification	factor	 	and	FCN	period	 


• 	and	 	

𝐹 𝜏𝐹𝐶𝑁 = 2𝜋/𝜎𝐹𝐶𝑁

𝐹 ≃ 0.06 𝜏𝐹𝐶𝑁 ≃ − 242 days
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Core	radius	and	composition

• Inferred	core	range	in	excellent	agreement	
with	tidal	measurements	(e.g.	Rivoldini	et	al.	2011)	
and	seismic	data	(Stähler	et	al.	2021)


• Candidate	light	elements	that	are	
siderophile	at	core	forming	conditions:						
S,	O,	C,	H


• RISE	compatible	models	require		>0.6wt%	
of	H	if	S	is	in	agreement	with	geochemical	
constraints

5

geochemical	

range

SEIS

RISE



• FCN	frequency	proportional	to	core	shape	




• RISE	data	implies	a	quasi-hydrostatic	core	shape,	but	
the	shape	of	Mars	is	not	hydrostatic

➔	In	order	to	match	the	shape	of	Mars	and	the		
shape	of	the	core,	we	place

		 


either	one	load	at	the	bottom	of	a	thick	
lithosphere	(>550km)


	 


or	two	loads	at	shallow	depth	and	at	the	
core-mantle	boundary	

𝑒𝑓 =
𝐶𝑓 − 𝐴𝑓

𝐴𝑓

Core	shape	and	internal	mass	anomalies
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Conclusions

• Detection	of	FCN	normal	mode


• Confirmation	of	the	liquid	state	of	the	core


• Core	radius	in	good	agreement	with	tides	and	seismic	data	


• Quasi-hydrostatic	shape	of	the	core


• Shape	of	Mars	and	its	core	explained	by	mass	anomalies	within	the	mantle	originating	
from	thermal	or	chemical	anomalies
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